NTRODUCTION
The greater increase in population has led to the generation of larger amount of waste heaps and improper handling of that waste will create environmental problems [1] . It was estimated in 2012 that the rate of generation of solid waste was 1.2 kg per person per day producing 1.3 billion tonnes per year. Furthermore, it is estimated that the rate of generation of waste has been estimated to increase up to 1.42 kg person in 2025 piling up of 4.3 billion tonnes per year [2] . The conventional way of dumping municipal solid waste landfill sites leads to the generation of methane and carbon dioxide by anaerobic decomposition of organic content present in MSW [3] . Different composition of methane and carbon dioxide are generated depending on organic content weight percent, however, it is normally in the range of 40-45% methane and 55-60% carbon dioxide by volume [4] . Dry reforming of methane process draws attention of the researchers for its unique application to this landfill gas mixture and produces synthesis gas (syn-gas) [5] . Syn-gas is considered as a major building block for the synthesis of ammonia, methanol and in Fischer-Tropsch synthesis [6] . Different type of metal catalysts has been applied to dry reforming of methane process such as noble metal (Rh, Ru, Pt and Pd) and non-noble metal (Ni, Co and Fe) based catalysts [7] . Most widely studied are non-noble metal based catalysts especially Ni-based meal catalysts supported on various metal oxides due to its low cost [7] - [8] . Dry reforming of methane has *Corresponding author: Muhammad Usman E-mail: ashri@um.edu.my not been applied on industrial scale yet due to the rapid deactivation of catalyst induced by carbon deposition. Dry reforming of methane reaction is described by equation 1, which is described by the occurrence of three important reactions leading to the formation of syn-gas. The major reactions in the dry reforming of methane are methane decomposition (2), reverse Boudouard reaction (3) and reverse water gas shift reaction (4 = 41 kJ/mol (4) It has been suggested that methane decomposition occurring on Ni metal particles leading to the production of carbon and hydrogen and CO 2 will be adsorbed on the support surface. The CO 2 adsorbed on the support surface will react with produced carbon and will regenerate the active sites and will enhance catalyst activity. Therefore, basic supports draw attention of researchers to be applied in dry reforming of methane process due to the acidic nature of CO 2 . Therefore, magnesium oxide (MgO) has been selected a support material in this study [9] . In this study, microemulsion system has been selected as a synthesis method due to their various advantages such as the synthesis of metal nanoparticles at room temperature and better control over the composition of bimetallic catalyst [10] . Different parameters for the synthesis of Ni nanoparticles will be studied ranging from water to surfactant ratio, preparation time, surfactant-to-oil ratio and later on the preparation of supported Ni/MgO catalysts at the optimized synthesis parameters. The different characterization techniques such as: BET, TEM, XRD and H 2 -TPR, has been applied to study the morphology, structural behavior, reducing behavior of the pure Ni and supported Ni/MgO catalysts. 
MATERIALS AND CHEMICALS

Preparation of NiO Nanoparticles
Ternary phase diagram consisting of different composition of water/Igepal CO-520/cyclohexane as depicted in Table 1 were employed to prepare Ni nanoparticles. In each microemulsion system, suitable amount of cyclohexane and surfactant were added into a beaker and then left for stirring for 15 min. Later on, 2 M Ni metal solution was prepared for each sample according to water content in each system. Then, ammonium hydroxide (15 M) was added dropwise into the transparent solution to achieved pH of 11.
The microemulsion system was then sonicated for 40 min and then left for stirring for 2 h. 40 ml of ethanol was added as a destabiliser and then centrifuged for 30 min at 400 rpm. Three cycles of washing and centrifuging was done in order to remove surfactant and unreacted nickel nitrate. In the preparation of supported catalyst Ni/MgO, magnesium nitrate solution was prepared separately and then added into the microemulsion system containing Ni metal salt solution and then sonicated for 40 min. similar procedure was repeated as for Ni metal alone. The prepared sample was dried at 100 o C for overnight and then calcined at 450 o C for 2 h in air.
Characterization
The crystalline size and structure of prepared NiO and NiO/MgO before reduction was studied with X-ray diffraction (XRD) patterns by PAN analytic diffractometer. The evaluation of the diffractogram for catalysts was made by X'pert High score software. Scherrer equation was used to measure the crystalline size of Ni nanoparticles as followed Where λ denotes wavelength (0.154nm), β expresses the width of the peak at half height and Bragg angle is denoted by θ. The specific surface area, average particle size and pore size was determined by nitrogen adsorption-desorption isotherms and the study was conducted in an Autosorb BET apparatus (Micromeritics ASAP 2020). The supported catalyst structure was investigated by transmission electron microscopy (TEM) of fresh catalysts with the assistance of FEI Tecnai TM controlled at an accelerating rate of 200 keV. To investigate the reduction behaviour and metal-support interaction of the prepared catalysts, a series of experiments were conducted by reduction with H 2 . This was performed with Micromeritics TPx 2720 analyzer by placing 0.03 g of sample at the bottom of the U-shaped quartz tube. In the first step, pure He gas was passed for 60 min at 130 o C and flow rate of 20 ml/min. In the second step, a mixture of gas consisting of 5% H 2 /N 2 was passed through the quartz tube at a flow rate of 20 ml/min and the temperature was increased from room temperature to 700 o C with a ramp of 10 o C/min.
Catalytic Activity Test
The catalytic activity of the Ni and Ni/MgO catalysts were tested in fixed bed reactor by placing 0.5 g of catalysts on the catalyst bed made of quartz filter. Prior to catalytic activity test, each sample was reduced with 30% H 2 /N 2 at a temperature of 550 o C for 2 h. After the reduction cycle was completed, the reactor was cooled down to around room temperature and then mixture of reactant gases consisting of 50% methane and 50% carbon dioxide was feed into the reactor. The outlet gases consisting of hydrogen, carbon monoxide, unreacted methane and carbon dioxide were measured with on-line gas analysers connected to the outlet of the reactor. The catalytic activity of the catalysts was measured at temperature ranging from 500 o C to 850 o C and the temperature ramp was 5 o C/min.
RESULTS AND DISCUSSION Effect of Surfactant, Water, Oil Composition
The synthesis of nanoparticles by microemulsion system is somewhat interesting and needs complete understanding to control the properties of nanoparticles such as surface area, particle size and crystalline size. The choice of composition of water, surfactant and oil and also the type of surfactant either cationic, anionic, non-ionic and also the type of oil such as with higher chain length or small chain length strong affects the properties. The amount of water in the microemulsion is considered to be the most important parameters the increase of water content in the system leads to the higher microemulsion droplet size and eventually larger particle size formed.
The role of surfactant in the microemulsion system is dual type, first is to act as a protective agent but also to resist the agglomeration of particles. In this study, non-ionic surfactant (Igepal Co-520) and cyclohexane was selected and their composition for each microemulsion was selected according to ternary phase diagram of water/Igepal CO-520/cyclohexane system as described in Table 1 . The surface area, average particle size and crystalline size obtained by BET were also indicated in Table 1 . The investigation on different microemulsion leads to the conclusion that at particular water to surfactant ratio (e.g 0.66), the sample with lower water content leads to higher surface area and smaller particle size compared to the system having higher water content. This observation matches with the basic function of microemulsion system to exhibit smaller particle size with lower water content in a microemulsion system. This behaviour can be described by the knowledge of the influence of free and bound water over the microemuslsion structure.
The microemulsion system with lower water is considered to be bound and the micelle interface is regarded as rigid one. This situation arises as there is not sufficient amount of water to solvate polar head group of surfactant and counter ion. Therefore, the rigid nature of micelle interface leads to the lower possibility of intermicellar exchange and in turn lower growth rates [11] . On the other side, the increase in droplet size has been linked with the increase of water content leading to the liable interface and enhancing the micellar exchange process producing larger particle size [12] . Similar type of results was produced by various studied that the increase of water content leads to the increase of particle size [13] , [14] and [15] .
BET
Another important parameter in the synthesis of nanocatalysts is having porous structure to allow reactant to adsorb on active sites and then after reaction products are desorb from active sites. The investigation on the porous nature of NiO nanoparticle and NiO/MgO catalysts prepared was investigated by N 2 adsorption-desorption measurements. The results obtained from this analysis for pure NiO prepared by microemulsion system and also supported NiO/MgO catalyst were listed in Table  1 and Table 2 , respectively. The higher surface area and smaller particle size for supported catalyst indicates the excellent ability of MgO coating to resist agglomeration of NiO nanoparticles. N 2 adsorption-desorption isotherm and pore width distribution for pure NiO is exhibited in Fig 1. The smaller BET pore size was observed for supported catalyst. 
Effect of Preparation Time
The study of kinetics of the nanoparticle synthesis is also important in the microemulsion system as it will have a significant influence over surface area and particle size. In this study, the microemulsion system for the preparation of Ni nanoparticles different preparation times (0.5, 2, 8 and 24 h) were studies for their influence on surface area. The influence of preparation time over surface area and crystallite size has been described in Table 3 and Fig 2. [16] investigated the influence of different aging time (1.5, 3, 6, 24) for the preparation of Ni@SiO 2 and reported better morphology with narrow size distribution and have better cavity length distribution at base case for 3h. The further increase in aging time lead to the increase in the cavity length formation and produce longer nanotube instead of more organize spherical shapes. An investigation on the influence of preparation time over the synthesis of SiO 2 nanoparticle via microemulsion system reveals that with the increase of aging time there was seen an increase in SiO 2 particle size [17] . Therefore, in our study aging time of 2 h for chosen as a base case for the preparation of Ni nanoparticles. 
XRD Analysis
The XRD patents for calcined NiO nanoparticle prepared by microemulsion system to investigate the influence of water to surfactant ratio are exhibited in Fig 3. The XRD patters for all the NiO nanoparticle matched with the standard card of cubic NiO having JCPDS no. 01-073-1519. The 2θ values of NiO are exhibited in Fig 3a along with their corresponding crystallit phase of (111), (200), (220), (311), and (222) . Fig 3b exhibits 
TEM Analysis
TEM images depicts the morphology and structural characteristics of Ni/MgO catalysts. TEM images exhibited that the addition of coating material (MgO) leads to the better nanoparticle distribution and also restricts the agglomeration of Ni nanoparticles (Fig 4) . This leads to higher surface area and smaller particle size for supported Ni/MgO catalysts as also evident in BET results. Table 4 indicates that most of NiO has been in strong interaction with MgO however still there is free NiO present in the NiO/MgO [18] . The reduction peak temperatures are exhibited in 
Activity Test
The catalytic activity of Ni and Ni/MgO catalysts at different temperature are indicated in Fig 6 . Ni/MgO exhibited higher methane and carbon dioxide conversion compared to Ni nanoparticles. Dry reforming of methane reaction (eq 1) has been suggested to have series of reactions which are described earlier such as methane decomposition (eq 2), reverse Boudouard reaction (eq 3) and RWGS (eq 4). Methane decomposition reaction leads to the production of carbon and H 2 on Ni particles and the CO 2 adsorbed on basic active sites reacts with produced C to form CO. Therefore, for dry reforming reaction basic supports are considered to be important to enhance more CO 2 chemisorption and leads to lower carbon deposition [20] . The reason that higher CO 2 conversion was observed for both Ni and Ni/MgO catalyst can be ascribed to the occurrence of RWGS, in this reaction CO 2 utilizes also the produced hydrogen and produced more CO. therefore, higher CO 2 conversion were observed for both catalyst and it was evident also by the presence of traceable amounts of water in the outlet of the reactor [9] . 
CONCLUSION
The preparation of Ni nanoparticles by microemulsion system leads to the conclusion that lower water content at constant water to surfactant ratio is very suitable to produce higher surface area and smaller particle size. Furthermore, the coating of Ni nanoparticle with basic metal oxide (MgO) enhanced crystallinity of the Ni/MgO catalysts. The higher methane and CO 2 conversion are dedicated to the higher surface area, small particle size and lower agglomeration of Ni particles in supported catalysts. However, further studies are underway to investigated stability, testing different composition of Ni and MgO, and analysing basicity of active site by CO 2 adsorption experiments.
Temperature (°C)
TCD Signal (a.u)
